Abstract. This paper examines the effects of selected heavy metals: zinc, nickel, copper, cadmium and lead, on the growth of three species of entomopathogenic fungi of the genus Isaria Pers.: I. farinosa (Holmsk.), I. fumosorosea Wize, and I. tenuipes Peck. Ions of metals were added to the Sabouraud medium in three concentrations: 1× -concentration corresponding to the natural content of the given metal in Polish soils; 10× -concentration 10 times higher, and 100× -concentration 100 times higher than the natural content. Heavy metal ions in concentration 1× did not significantly restrict the growth of fungus colonies, and in some cases caused a slight growth stimulation. The greatest toxic effect of heavy metal ions on the entomopathogenic fungi was observed when their concentration was 100 times higher than the natural content. Nickel had the greatest inhibitory effect on the growth of fungal colonies, while lead showed the least effects. The fungal species most sensitive to the presence of heavy metals in the medium was I. tenuipes, while I. fumosorosea had the highest tolerance.
Introduction
Heavy metals are considered one of the most dangerous environmental pollutants created as a result of human economic activities, both agricultural and non-agricultural (Kabata-Pendias and Pendias, 2001; Goyer, 2001; On et al., 2005; Micó et al., 2006) . In the soil they react with other chemicals, accumulating in different forms with differentiated bioavailability to plants (Singh and Kalamdhad, 2011) .
The solubility of heavy metals in soil, and hence their biological effects, decreases with increasing content of organic matter or clay minerals, and increases under higher acidity (Kabata-Pendias and Pendias, 1999 Pendias, , 2001 ). Metals in natural concentrations are often essential in the functioning of living organisms, but often have toxic effects when present in excessive amounts (Badura and Piotrowska-Seget, 2000; Singh and Kalamdhad, 2011) . Additionally, their presence in soil has a major impact on cellular structures, growth and development, and biological activity of soil microorganisms (Badura and Piotrowska-Seget, 2000; Tscherko et al., 2007; Hassn et al., 2014) .
Although heavy metals naturally occur in the soil environment, presently there are many factors significantly contributing to their increase such as industrial activities, and perhaps most importantly, the intensification of agricultural production using chemicaldependent farming methods (Lenart and Wolny-Koładka, 2013 ). The European Parliament and Council Regulation (EC) No 1107/2009, states the use of integrated plant protection natural alternatives should be considered a priority instead of the use of chemical ones (Tomalak, 2010) . The use of products with biological origin based on http://www.aloki.hu • . They occur primarily in the soil and constitute an essential part of the organic biomass (Ferron, 1981; Keller and Zimmermann, 1989; Tkaczuk, 2008) . Soil often provides the substrate for the maintenance of a natural reservoir of many entomopathogenic fungi. Soils can be inoculated with these fungi either by an infected insect entering the soil or by the deposition of spores on the soil surface by natural dispersion mechanisms (Hajek, 1997) . Presence and pathogenicity of many entomopathogenic fungi depend on interactions with host organisms, prevailing climatic conditions, and other biotic and abiotic factors.
Laboratory studies have shown that heavy metals impact the growth, metabolism, and pathogenicity of entomopathogenic fungi (Ropek and Some of the hypocralean fungi most commonly found in the soil environment that are highly parasitic to insects include species of the Isaria Pers. genus (Zimmermann, 2008; Ropek et al., 2014) . Isaria farinosa (Holmsk.) is frequently responsible for natural epizootics among butterflies overwintering as pupa especially in soil and forest litter (Vänninen, 1996; Chandler et al., 1997) . Isaria fumosorosea Wize is used to produce a bio-insecticide to control whiteflies infesting greenhouse production plants ( Gonzales et al., 2016) . Isaria tenuipes Peck. causes epizootics of larval and pupal stages of several lepidopterous pests. After the death of the host, the fungi produces fascicles of hyphae, referred to as synnemata, which emerge from the cadaver and produce great amounts of conidia (Fukatsu et al., 1997) .
The purpose of this paper is to investigate the effect of selected heavy metal ions on the growth of entomopathogenic fungi of the Isaria genus under laboratory conditions.
Materials and methods

Fungal isolates
Laboratory tests examined the effects of five selected heavy metal ions: zinc, nickel, copper, lead, and cadmium, on the growth of Isaria farinosa, I. fumosorosea, and I. tenuipes. The fungal material was obtained from stock collections maintained at the Department of Plant Protection and Breeding, Siedlce University of Natural Sciences and Humanities, Siedlce, Poland.
Initial isolates of I. farinosa and I. tenuipes were obtained from infected pupae of an unidentified butterfly species found in leaf litter of mixed woods in the vicinity of Siedlce. The isolate of I. fumosorosea was obtained from the soil of cultivated fields and collected using the 'insect bait' method.
The fungi were identified on the basis of morphological characteristics, using identification keys (Inglis et al., 2012; Humber, 2012 
Preparation of media with metal ions
Heavy metal ions were added to sterile Sabouraud medium in three concentrations: 1× -concentration corresponding to the mean content of that metal in Polish soils, 10× -concentration 10 times higher and 100× -100 times higher than the natural content. Treatment concentrations are listed in Table 1 . Metal ions were added to the culture media in the form of various salts. The Sabouraud medium was treated with H2PO4 -and HPO4 2-as a buffer to maintain pH of 6.4. Plates were centrally inoculated with a mycelial disc of 3-4 mm in diameter, and were stored in darkness at 20 °C. The colony diameter was measured 5, 10, 15 and 20 days after inoculation. Each experimental combination and the control with no metals were replicated four times. All laboratory experiments were achieved at the Siedlce University of Natural Sciences, Department of Plant Protection and Breeding, Siedlce, Poland in 2017.
Statistical analysis
Size of fungus colonies, expressed as a percentage in relation to the control, were treated as variables. The results were processed statistically using the Statistica 12 program. Tukey's test and single-factor analysis of variance at a significance level of α = 0.05 were used to compare group means.
Results
Metal ions of zinc, nickel, copper, lead, and cadmium affected the growth of Isaria genus in various ways, with the reaction dependent on the type of metal as well as concentration. Levels of zinc, copper, and cadmium at the levels found in native Polish soils caused a slight stimulation of colonies of Isaria farinosa ( Table 2) .
After 20 days all colonies I. farinosa on the media with 1×, 10×, and 100× heavy metal concentrations grew, respectively, 110.8%, 115.8%, and 102.8% of the control colony diameter. Twenty days after the application of ionic cadmium and lead with the concentration 10 times higher than the natural content (10×) that the diameter of the I. farinosa colony was 32.9% smaller than the control for cadmium and 30% smaller for lead. Other heavy metals added to the media at 10× concentration did not significantly affect the growth of the colonies. Of all the heavy metals cadmium and nickel ions at http://www.aloki.hu • Con 1 -concentration; 1× -the concentration corresponding to the natural content of the metal in the Polish soils; 10× -the concentration of 10-times higher than the natural content; 100× -the concentration of 100-times higher than the natural content; means in columns fallowed by different letters within the given metal differ significantly at P < 0.05 After 20 days of incubation fungal colonies on the media with ions of those two metals were, respectively, 54.6% and 75.8% of the control diameter. In the case of the other heavy metals: lead, copper, and zinc, those values were 85.7%, 91.7%, and 100.5%, respectively.
The ions of heavy metals at the concentration of 1× and 10× did not influence significantly the growth of Isaria fumosorosea colonies ( Table 3) . Only cadmium and lead ions reduced the growth by 6.6% when compared to the control. With respect to cadmium ions this difference was statistically significant. Other ions of heavy metals at both 1× and 10× concentrations slightly stimulated the development of I. fumosorosea.
Ions of nickel and zinc added to the medium at the concentration 100 times higher than the natural content in Polish soils limited fungus growth after 20 days the most, by 20 Con 1 -concentration; 1× -the concentration corresponding to the natural content of the metal in the Polish soils; 10× -the concentration of 10-times higher than the natural content; 100× -the concentration of 100-times higher than the natural content; means in columns fallowed by different letters within the given metal differ significantly at P < 0.05
This difference was statistically significant. It was found that cadmium 100× concentration did not affect adversely the development of the I. fumosorosea colony, while in the case of lead and copper the colonies were only about 5.9% and 9.7% smaller than the control.
Discussing the experiment findings it should be noted that so far there have been no studies on the effects of heavy metal ions on the growth of Isaria tenuipes. This paper, therefore, is the first one in scientific literature devoted to the subject. The experiment showed that 20 days after heavy metal ions were added to the media at the concentration corresponding to their natural content in the Polish soils (1×) and 10-times higher (10×), they did not significantly inhibit I. tenuipes growth ( Table 4 ). It was found that only in the presence of nickel were the diameters of fungus colonies around 10% smaller than the control, while in the case of them growing on the medium with cadmium and lead there was even a slight growth stimulation. With the concentration 100 times higher than their natural content in Polish soils, zinc, nickel, and copper ions were the most toxic to I. tenuipes. Within the first 5 days of the experiment the culture with nickel ions had not grown, and within 10 days the I. tenuipes colony had reached only 16 Con 1 -concentration; 1× -the concentration corresponding to the natural content of the metal in the Polish soils; 10× -the concentration of 10-times higher than the natural content; 100× -the concentration of 100-times higher than the natural content; means in columns fallowed by different letters within the given metal differ significantly at P < 0.05
With respect to the fungi I. farinosa and I. fumosorosea this difference was statistically significant. However, after 20 days the presence of cadmium in the medium only to a low degree decreased the size of the I. tenuipes colony, by 8.7%, while lead ions stimulated its growth. It should be noted that out of the entomopathogenic fungi of the Isaria genus, I. tenuipes proved the most sensitive to the presence of zinc, nickel and copper ions used in the concentration 100 times higher than their natural content in Polish soils ( Table 5) . Studies performed in vitro suggest certain species of entomopathogenic fungi, and as well as individual strains within species, exhibit different sensitivity to heavy metal ions Ropek and Para (2003) observed that the heavy metals they used restricted the growth of Paecilomyces farinosus (= Isaria farinosa) significantly, and the ions of lead, cadmium, zinc, and copper had the most toxic effects on this fungus isolate.
Discussion
In our studies concentrations of cadmium and lead at levels 10 times higher than the natural content in Polish soils showed an inhibitory influence on the growth of the I. farinosa. Levels of cadmium and nickel at 100 times higher than the natural soil content greatly reduced fungal growth. Tkaczuk (2005) showed nickel had the greatest inhibitory effects on the germination of spores of Pandora neoaphidis (Remaud and Hennebert). Hassn et al. (2014) reported that cadmium, copper, and zinc ions at the concentration 100 times higher than the natural content in the soils of Iraq, regardless of the period of observation, completely inhibited the growth of an I. javanica. Tkaczuk (2008) reported that cadmium was only slightly toxic to entomopathogenic fungi B. bassiana and M. anisopliae tested in vitro studies, but significantly reduced the number of colony forming units (CFU) of these fungi in soil. Jaworska and Gorczyca (2004) observed that only very high soil contamination with heavy metals (321 mg Cd, 1294 mg Cu, 1974 mg Pb and 3427 mg Zn × kg -1 ) caused a decrease in I. farinosa, B. bassiana and M. anisopliae pathogenicity to Galleria mellonella larvae.
Heavy metal ions added to the medium at the concentration corresponding to the natural content in Polish soils and 10 times higher did not affect significantly the growth of I. fumosorosea. The relatively high resistance of I. fumosorosea to the effects of some heavy metals is confirmed by research of Gorczyca and Ropek (2000) , Tkaczuk (2003 Tkaczuk ( , 2008 , and Pečiulytė and Dirginčiutė-Volodkienė (2012).
We have shown that cadmium and lead in the highest concentration caused only a small reduction in the growth of the I. fumosorosea. Our results that indicated growth of the I. fumosorosea was inhibited by high levels of nickel and zinc were similar to studies of Jaworska et al. (1996) and Tkaczuk (2003) . It is worth noting that in our studies cadmium ions showed no significant inhibitory effect on the growth of this fungus. Our results were confirmed by Tkaczuk (2008) , who concluded that cadmium used for in vitro studies showed low toxicity to Isaria fungi. However, Gorczyca and Ropek (2000) reported that adding cadmium to a medium not only limited the growth of P. fumosoroseus (= I. fumosorosea), but also reduced the amount of its biomass. They further reported that zinc and copper has limited negative effects. Gorczyca and Ropek (2000) reported the accumulation of metal ions was up to 3 to 5 times higher in P. fumosoroseus biomass than in the culture medium. Heavy metals affect growth, morphology or metabolism of soil organisms (Niklińska and Chmiel, 1997). Pečiulytė and Dirginčiutė-Volodkienė (2012) reported fungi with the greatest resistance to heavy metals do not accumulate them in their biomass but bind them to the surface of their cells. It is known that fungi can accumulate significant amounts of metals. The cell walls of fungi are composed of polysaccharides, proteins and lipids which contain functional groups with potential metal complexing capacities (Trevors et al., 1986; Gaad, 1993) .
Metals in soil are present as free metal ions, soluble metal complexes, exchangeable metal ions, organically bound metals, precipitated or insoluble compounds such as oxides, carbonates and hydroxides (Leyval et al., 1997) . The mobility of metals in soil is dependent of their speciation, which is controlled by hydrochemical variables (pH, redox potential, presence of complexing inorganic and organic an-ions, ionic strength) as well as by their interactions with solid surface. The toxicity of metals in soil depends on their bioavailability, which, according to Berthelin et al. (1995) , is a function not only of their total concentration but also of physico-chemical and biological (e.g. biosorption, bio-accumulation and solubilization) factors. The negative effects of heavy metals on entomopathogenic fungi on metabolism, growth, germination and differentiation may vary, depending on the fungal species, metal concentration, and other physico-chemical factors such as soil organic matter and clay content (Gaad, 1993; Tobin et al., 1994) .
Conclusions
Heavy metal ions added to fungal culture medium in concentrations corresponding to the natural content found in soils of Poland did not significantly affect the growth of cultures of Isaria ssp. When compared to control cultures, slight increases were noted. At a concentrations 10 times higher than the natural content in Polish soils, heavy metal ions had little influence on the growth of the Isaria fungal colonies. Cadmium and nickel has the highest inhibitory effects Isaria. Heavy metal concentrations of 100 times greater than levels found naturally had the greatest toxic effects. Nickle was the most toxic and lead was the least toxic. Isaria tenuipes showed the greatest sensitivity to heavy metals I. fumosorosea having the highest tolerance. Strong pollution of soil by some heavy metals could be a restrictive factor of development of entomopathogenic fungi in the environment. Further studies on heavy metal resistance of different isolates within the particular genus of these fungi can be performed to search of virulent strains to be applied as biopesticides.
